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(54) Method and arrangement for establishing call connections in a telecom munications network 
using a virtual transport server 



(57) A telecommunications rietwork comprises a vir- 
tual transport sender (VTS) for making network routing 
declsbns and establishing call connections. Each VTS 
is interconnected to each signal transfer point in a conv 
mon channel signaling (CCS) system associated with 
the network. Each VTS is also interconnected to at least 
one switch in a transmission network, such as an asyn- 
chronous transfer nrKXie (ATM) switch. The VTS main- 



tains routing tables identifying trunk groups associated 
with each central office switch in the network. During op- 
eratbn, an Initial address message received f rem a sig- 
nal transfer point In the VTS is processed and subse- 
quently extended to an ATM switch so that a call con- 
nection can be established. Upon completbn of the es- 
tablished call, the VTS releases resources associated 
with the ATM switch. 
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Description 
Technical Field 

This invention relates to telecommunications net- 
works, and more particularly, to a method and system 
for establishing calls in such telecommunications net- 
works by using a stand-atone server to perform call rout- 
ing functions. 

Background of the Invention ^ 
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The existing public-switched telephone network 
(PSTN) comprises: a large, number of central office 
switches for sen/ing local subscriber lines and trunks; a is 
smaller number of tandem (also referred to as toll" or 
"transit" switches) for providing connections between 
central office switches; a plurality of analog and digital 
communication paths for interconnecting the central of- 
fice switches and landem switches; optional databases 20 
for storing information; and a common channel signaling 
(CCS) system for transmitting messages used by the 
switches to establish call connections. The CCS system 
includes many inter-connected signal transfer points 
(STPs) which relay messages among network nodes to 2S 
establish, manage, and release call paths In the PSTN. 
To facilitate accurate message delivery, each PSTN 
switch is assigned a discrete 'point code' for identifica- 
tion purposes. 

Calls are routed by an "originating" central office 30 
switch (that is. the central office switch that senses the 
caller) to a "destination" central office switch (the centra! 
office switch that serves the called party) on the basis 
of the directory number received in the originating switch 
from the caller. In the United States, directory numbers 35 
are assigned in accordance with a numbering plan re- 
quiring each subscriber line to be Identified by ten digits. 
The ten digit directory number comprises a three digit 
area code which defines a specific geographic region 
followed by a three digit office code which identifies a 40 
particular central office switch in the network. The office 
code is foltowed by a four digit subscriber line identifier 
which establishes the network address of a particular 
subscriber line on the central office switch associated 
with the office code digits. 45 

In accordance with current protocol, a call Is routed 
over a call path by the originating switch subsequent to 
CCS messages being relayed between the originating 
switch, other network nodes, and the destinatton switch. 
Partfcularly. an initial address message (I AlVI) is extend- so 
ed from the originating switch to the destination switch, 
either directly or via tandem switches, to establish trunk 
connections using a process well-known in the art. The 
call path between the originating switch and the desti- 
nation switch is completed by a series of switch "hand- ss 
offs" of the call over the established trunk connections. 
In other words/the originating switch perfomis both rout- 
ing (selecting a call path) and switching (establishing 



call connections on the selected call path) functions to 
connect a call to a desired called party upon receipt of 
a dialed directory number 

It is the dual role of detenmining routes and perform- 
ing switching functions, however, that induces the inef- 
ficient operation of present-day telecommunications 
networks. This is because the detenmination of the call 
path is made by the originating switch and subsequently, 
any intermediate switches. A problem arises if unfore- 
seen system btockages necessitate an alternate call 
path. In such cases, the call must be extended back to 
the originating switch from the node at which the block- 
age is detected so that the originating switch can devise 
a new call path. Return of the blocked call to its origina- 
tion point causes undue delay and taxes networit re- 
sources. Therefore, there is a need in the art to effec- 
tively and efficiently make routing determinations in a 
telecommunications network. 

Summary of the Invention 

This need is addressed and a technologfcal ad- 
vance is achieved in the art by the method and system 
of the present invention in which the routing functbn is 
separated from the switching function in a telecommu- 
nbations network. 

In the preferred embodiment of the present inven- 
tion, a virtual transport sender ( VTS). equipped with rout- 
ing infomnation whfch identifies centra! office switches 
by point code and trunk groups, is interconnected to a 
signal transfer point (or a switch with facility-associated 
signaling) in a telecommunicattons network to intercept 
ail signaling messages issued by central office switches. 
Upon receipt of an initial address message from an orig- 
inating switch, the VTS kJentifies a call path from the 
originating switch to a destination switch via a transmis- 
sion (switching) network. In the preferred embodiment, 
the transmission network operates in asynchronous 
transfer mode (ATM). Once the call connectton is estab- 
lished, voice is transmitted over the call path. 

When the parties have completed their conversa- 
tion, the VTS receives a signal so that routing infonna- 
tion in the VTS may be updated to reflect that the pre- 
viously engaged network resources are now available 
to service other call connectk^ns. Further, in networks 
which deploy multiple VTSs, changes in routing protocol 
are automatically updated via an exchange of informa- 
tion among VTSs via the signaling system or the trans- 
missKDn network. 

Brief Description of the Drawina 

FIG. 1 is a simplified block diagram of a telecom- 
munications network arranged in accordance with 
the preferred embodiment of the present invention; 
and 

FIGS. 2A and 2B are flow diagrams of the steps per- 
formed in the telecommunicattons network of FIG. 
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1 in accordance with the preferred embodiment of 
the nnethcxi of the present invention. 

Detailed Description 

5 

FIG. 1 shows a sinnplified block diagram of a tele- 
communications network arranged In accordance with 
the preferred embodiment of the present inverition. Tel- 
ecommunications network 100 comprises: a plurality of 
central office switches 110. 120, 130; asynchronous 
transfer nnode (ATM) switches 140, 150; synchronous- 
to-asynchronous converter (SAC) units 145, 155; and 
signal transfer points 160, 162, ail of which are known 
in the art. Telecommunications network 100 also in- 
cludes virtual transport servers (VTS) 180, 182 for de- 
termining call paths required for the establishment of call 
connections. Each VTS Is equipped with a database for 
storing routing Information, as described in detail below. 

Central office switch 110 (hereinafter, the "originat- 
ing* switch), serves subscriber line 111 which is inter- 20 
connected to customer premises equipment (CPE) 112. 
In this example, assume CPE 112 is Identified by the 
directory number (708) 555-4364. Central office switch , 
120 serves subscriber line 121 which is interconnected 
to CPE 122. CPE 122 is identified by the directory 2S 
number (708) 555-1234. Similarly, central office switch 
130 (hereinafter, the "destination" switch) serves sub- 
scriber line 131 which is interconnected to CPE 132. 
CPE 132 is identified by the directory number (812) 
777-2338. 30 

In this embodiment, the CCS system conrprises sig- 
nal transfer points (STPs) 160 and 162 which are inter- 
connected by signaling link 169. Although only two sig- 
nal transfer points are shown for clarity, an operattonal 
CCS system contains many more STPs. STP 160 is in- 3S 
terconnected to originating switch 1 1 0 and central office 
switch 120 via signaling links 161 and 163, respectively. 
S ignal transfer point 1 62 is interconnected to destination 
switch 130 by signaling link 167. 

Also shovm are ATM switches 140 and 150 which 40 
comprise a transmission network used to interconnect/ 
the central office switches in telecommunications net- 
work 100. ATM switch 140 and 150 are interconnected^ 
by switched virtual channel 153. Since the majority of 
existing central office switches operate in synchronous 
transfer mode, synchronous-to-asynchronous convert- 
er (SAC) units are a required interface between central', 
office switches and ATM switches. In this example, ATM / 
switch 140 is interconnected to SAC units 145 and 175 ^ 
via virtual channels 1 47 and 1 77, respectively. Srnilarly, ^ 
central office switches 110 and 130 are interconnected 
to SAC units 145 and 175 via bi-directional trunks 113 
and 133, respectively. Central office switch 120 is inter- 
connected to SAC unit 155 via bi-directional trunk 123. 
SAC unit 155 is flnterconnected to ATM switch 150 via/ ss 
virtual channel 157. ^ ^ 

In alternative embodiments, the transmission net- 
work may include or exclusively comprise synchronous! 



switches. The transmission network may also comprise 
other asynchronous transmission means, such as frames 
relay. In this example, a synchronous transmission net- 
work comprises switch 1 90 which niaintains signalini^ 
link 191 to VTS 182. Synchronous switch 190 is also ' 
shown with established bi-directional trunks 193 and 
195 to originating switch 110 and destination switch 13Q^ C 
respectively. The presence of synchronous switch 1 90 
in telecommunications network 100 is optk>nat. 

Virtual transport servers (VTS) 180 and 182 act as 
central cafl path (route) determination systems. Partic- 
ularly. VTSs maintain routing inf^)rmation including the 
point code identification of central office switches and^ 
SAC units associated with destination trunk groups in 
databases 181 and 187. respectively. In the preferred 
embodiment, each VTS is interconnected to a signal 
transfer point (or a switch with facility-associated sign- 
aling) in the CCS system. In this example. VTS 180 is 
interconnected to STPs 160 and 162 by signalhg links 
^S4 and 168, VTS 182 is interconnected to STPs 160 
and 1 62 by signaling links 1 84 and 1 88. Chariges in rout- 
ing protocol, such as a change in the destination trunk 
of a particular central office switch, may be accom- 
plished for all VTSs in telecommunicatbns network 1 00 
by updating infomnation in a single VTS. Partk:ularly, a 
first VTS is updated so that it may then access the CCS 
system or the transmission network to cause routing da- 
ta in other VTSs to be updated. During operation. VTS 
180 and VTS 1 82 receive all CCS messages processed 
by the signal transfer points in telecommunications net- 
work 100. Receipt of an Initial address message (I AM) 
in a VTS initiates a call path determination process de- 
scribed in detail below. 

FIGs. 2A and 26 are fbw diagranns of the steps per- 
formed in telecommunications network 100 in accord- 
ance with the preferred embodiment of the method of 
the present invention. For purposes of exanrple. as- 
sume that a caller associated with CPE 112 wishes to 
place a call to a party served by CPE 1 32. The process 
begins in step 200 in which originating switch 110 de- 
tects an off-hook signal from subscriber line 111. As 
shown in FIG.1 . subscriber line 111 senses CPE 112. In 
step 202, originating switch 110 receives dialed digits 
over subscriber line 111 from the caller using CPE 112. 
In this example, originating switch 110 receives digits 
"812 777-2338" or, the directory number associated with 
CPE 132. In step 204 originating switch 110 performs 
digit analysis on the received directory number 

The process continues to decision step 206 in whk:h 
the originating switch determines whether digit analysis 
indicates that an external call path is required to com- 
plete the requested call. An external call path is required 
if the called party is served by any switch other than the 
originating switch. In this example, the called party is 
not only served by another switch, but is also associated 
with a different area code. If the outcome of decision 
step 206 is a "NO* determination, (that is, the called par- 
ty is found on the service base of the originating switch) 
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the process continues to step 207 in which the originat- 
ing switch processes the call using existing protocols. 
If, as in this case, the outcome of decision step 206 is a 
"YES" determination, the process continues to step 208 
in which the originating switch seizes a trunk to establish s 
a connection with its associated SAC unit. In this case, 
originating switch 1 1 0 seizes trunk 11 3 to SAC unit 1 45. 
In step 210, the originating switch formulates an initial 
address message (lAM) including the dialed directory 
number associated with the requested call. The process io 
continues to step 212 in which the originating switch 
transmits the formulated I AM to the signal transfer point 
whfch serves the switch. In this embodiment, originating 
switch 110 transmits an initial address message includ- 
ing the dialed directory number "81 2 777-2338* to STP is 
160 over signaling link 161. In step 214, the STP trans- 
mits the received lAM to a designated VTS. In this ex- 
ample, STP 160 transmits the lAM to VTS 180, In ac- 
cordance with the preferred embodiment of the present 
invention, every signaling message processed by an 20 
STP is transmitted to a designated VTS. 

The process continues to step 21 6 in which the VTS 
180 uses information stored in database 181 to identify 
the virtual channel (VC) associated with the SAC unit 
serving the originating switch which corresponds to the ^5 
trunk seized by the originating switch. In this example, 
VTS 180 identifies VC 147 of SAC unit 145 which cor- 
responds to bi-directional trunk 113 (tnink 113 was 
seized by originating switch 113 in step 208 described 
above). If a synchronous transmission network is used, 30 
the VTS simpV chooses a trunk from the synchronous 
switch to the destination switch in step 216, 

In this case, the process continues through connec- 
tor "A" to FIG. 2B In step 218, the VTS uses the directory 
number in the lAM to perform a route server function as 55 
it identifies the SAC unit and VC associated with the des- 
tination switch. In this example, VTS 180 kjentifies SAC 
unit 175 and VC 177. If necessary, in step 220, the VTS 
requests a switched virtual circuit (SVC), such as SVC 
1 53, in the ATM network to establish a call path between 40 
the originating and destination switch. In this example, 
a SVC is unnecessary since ATM switch 140 is intercon- 
nected to the SAC unit which serves the destination 
switch. In an alternative embodiment, the VTS may 
identify a permanent virtual circuit (PVC) associated 45 
with the originating SAC unit and the destination SAC 
unit. If a PVC is used, the process continues to step 226 
described below. 

In this case, however, the process continues to step 
222 in which the VTS receives a call path complete mes- so 
sage from the ATM switch. A call path complete mes- 
sage indicates that the ATM network has kientified and 
established a call path to the destinatkjn switch. In this 
embodiment, assume that ATM switch 140 identified a 
call path from originating switch 110 to destination ss 
switch 130 via SAC unit 145, VC 147. ATM switch 140, 
VC 177. SAC unit 175 and bi-directional trunk 133, The 
process continues to step 224 in which the ATM network 



provides call path and destination trunk infomiation to 
the VTS. In this example, the destinatbn trunk (or the 
trunk group which interconnects the SAC unit to the des- 
tination switch) is bi-directional trunk 1 33. 

In step 226. the VTS transmits an incoming call 
message to the destination switch via the CCS system. 
The incoming call message includes the caller's direc- 
tory number, destination tmnk infonrnatfon and the called 
party's directory number so that the destinatbn switch 
can terminate the call to the appropriate subscriber line. 
In step 228, the call path devised by the ATM network 
is established between the originating switch and the 
destination switch. The process continues to step 230 
in which the call path between caller and called party is 
connected to enable voice transmissfon. and the parties 
speak. 

At some subsequent time, the caller and called par- 
ty conclude the call. In step 232. the VTS receives, via 
the CCS system, a call release message issued by the 
destinatbn switch indicating that the parties have con- 
cluded the call. In this example, destinatbn switch 130 
sends call release message to STP 162 which transmits 
the release message to VTS 180. The process contin- 
ues to step 234 in whfch the VTS updates routing ffifor- 
matbn in its database to indicate that network resources 
used for the call are relinquished and available. The 
process ends in step 236. 

Advantageously, the present inventbn allows exist- 
ing central office switches to be relieved of call routing 
functions without requiring changes in existing central 
office switch call processing protocols since all routing 
requests continue to be processed by the CCS system. 
Also, changes in routing protocol, such as those which 
may be required in bcal number portability situations, 
are accomplished by updating a single VTS instead of 
maintaining a separate database whbh must be ac- 
cessed by switches for routing protocol variations. Fur- 
ther, replacement of an extensive tandem or toll switch 
network which performs both routing and switching 
functions reduces networit maintenance and monitoring 
costs. While the inventbn is described with reference to 
a preferred embodiment, it is understood that those 
skilled in the art may devise numerous other arrange- 
ments without departing from the scope of the inventkDn. 

Claims 

1 . A telecommunications network comprising: 

a plurality of central bffbe switches, each cen- 
tral office switch serving a least one subscriber 
line; 

a signalmg system interconnected to the plural- 
ity of central office switches for relaying mes- 
sages among the switches; and 
routing means which operates independent of 
a switching means, wherein the routing means 
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comprises a virtual transport server (VTS) in- 
terconnected to the signaling system for estab- 
lishing call connections among central office 
switches. 

2. The telecommunications network of claim 1 wherein 
the signaling network interconnected to the central 
office switches is a common channel signaling net- 
work (CCS) including a plurality of signal transfer 
points. 

3. The telecommunications network of claim 1 wherein 
the routing means interconnected to at least one 
switch in a transmission network. 

4. Thelelecommunlcations network of claim 3 wherein 
the transmission network operates in asynchronous 
transfer nnode. 

5. The telecommunications network of claim 1 whereiri 
the switching means operates solely in accordance 
with routing information from the VTS. 

€. In a telecommunications network comprising a plu- 
rality of central office switches, each central office 
switch interconnected to a signal transfer point of a 
common channel signaling system, a method for 
establishing calls among central offices comprises 
the steps of : 

receiving an initial address message (lAM) in 
the common channel signaling system from an 
originating central office switch, the I AM includ- 
ing a dialed directory number of a requested 
call; 

the signal transfer point extending the I AM to a 
virtual transport server (VTS) containing rout- 
ing information; and 

determining, in the VTS. routing information de- 
fining a destinatbn trunk based upon the dialed 
directory number of the call. 

7. The method of claim 6 further comprising the step 
of: 

using at least one switch which operates sole- 
ly in accordance with routing Informatton in the VTS 
to establish the call. . 

8. The method of claim 6 further comprises the step of: 

receiving a call release message in the VTS; 
and 

releasing network resources associated with a 
switch interconnected to the VTS upon comple- 
tion of the call. 

9. The method of claim 6 further comprising the step 
of: 



the VTS transmitting an incoming cad mes- 
sage to a destinalran switch via the comnrwn chan- 
nel signaling system to announce the call. 

10. The method of claim 6 further comprising the step 
of: 

using an asynchronous transfer mode (ATM) 
switch interconnected to the VTS to establish the 
call. 
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FIG, 2A 



'200 



DETECT OFF-HOOK SIGNAL FROM 
CUSTOMER PREMISES EQUIPMENT 



'202 



RECEIVE DIALED DIRECTORY 
NUMBER IN ORIGINATING SWITCH 



'204 



ORIGINATING SWITCH PERFORMS DIGIT 
ANALYSIS OM RECEIVED DIRECTORY NUMBER 




'207 



NO 


PROCESS CALL USING 




EXISTING PROTOCOLS 



'208 



ORIGINATING SWITCH SIEZES TRUNK TO 
INTERCONNECT WITH ASSOCIATED SYNCHRONOUS 
TO ASYNCHRONOUS CONVERTER (SAC) UNIT 



J. 



210 



ORIGINATING SWITCH FORMUUTES INITIAL ADDRESS 
MESSAGE INCLUDING DIALED DIRECTORY NUMBER 

1 



212 



ORIGINATING SWITCH TRANSMITS INITIAL ADDRESS 
MESSAGE TO SIGNAL TRANSFER POINT (STP) 



± 
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STP TRANSMITS INITIAL ADDRESS MESSAGE TO 
DESIGNATED VIRTUAL TRANSPORT SERVER (VTS) 



f216 



VTS IDENTIRES VIROIAL CHANNa (VC) 
ASSOCIATED WITH SAC UNIT THAT CORRESPONDS 
TO TRUNK SIEZED BY ORIGINATING SWITCH 
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VTS USES DIRECTORY NUMBER IN INfTIAL ADDRESS 
MESSAGE TO PERFORM ROUTE SERVER FUNCTION TO 
IDENTIFY SAC UNIT ASSOCIATED WITH DESTINATION SWITCH 
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VTS REQUESTS SWITCHED VIRTUAL CIRCUIT (SVC) 
IN ATW NEIWORK TO ESTABUSH CAU PATH BEIWEEN 
ORIGINATING AND DESTINATION VCs 



r222 



VTS RECEIVES CALL PATH COMPLOE 
MESSAGE FROM ATM NEIWORK 



■224 



ATM NETWORK PROVIDES CAd PATH 
AND DESTINATION TRUNK TO VTS 



•226 



VTS TRANSMITS MESSAGE VIA SIGNAUNG 
NETWORK TO DESTINATION SWITCH TO ANNOUNCE 
INCOMING CALL AND TRUNK FROM SAC 



•228 



CAli PATH IS ESTABUSHED BETWEEN 
ORIGINATING SWITCH AND DESTINATION SWITCH 



r230 



VOICE PATH ENA BLED AND PARTES SPEAK 

1 : 



VTS RECEIVES CALL RELEASE MESSAGE 
INDICATING PARTIES HAVE CONCLUDED CALL 



I 



VTS UPDATES ROUTING INFORMATION TO 
INDICATE NEIWORK RESOURCES ARE AVAILABlf 



234 



I /236 



FIG. 2B 
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